Previous works using ambulatory blood pressure (BP) monitoring demonstrated that independently of the mean level of BP, the variability in BP, or the day-night range, could have prognostic significance. We have also found that the value of BP on rising in the morning is strongly correlated with left ventricular mass of hypertensive individuals independently of the 24-h value. In the present study, we sought its predictive value for cardiovascular complications in a cohort of hypertensive patients. The population studied belongs to a cohort of initially untreated hypertensive patients recruited since 1983 and followed for more than 5 years. Patients were then treated and followed by their family doctor. At entry, all patients were equipped with a device to measure ambulatory BP. They were requested to trigger a measurement manually on rising in the morning (arising BP). The data on their outcome were collected by a
Introduction
High blood pressure (BP) as measured in the hospital or office is accompanied by an increased risk of cardiovascular complications. In view of the wide variability in BP, recommendations on the diagnosis and the treatment of high BP 1 insist on repetition of measurements under standardised conditions. Over recent years, ambulatory measurement of BP has seen considerable development as it enables repeated measurements over a 24-h period during the normal living conditions of the patient. Measurements can also be made in physiological conditions, such as during sleep, which have been inaccessible by conventional methods. The nocturnal value of BP is thought to have particular significance. 2, 3 We have been interested in the significance of the value of the BP on rising in the morning, and have found that this value is strongly correlated with left ventricular mass of hypertensive individuals independently of the 24-h value. 4 In the present study, we sought its predictive value for cardiovascular complications in a cohort of hypertensive patients followed up for more than 5 years. Our hypothesis is that this daily sharp elevation in BP may influence target organ damage and the incidence of cardiovascular events.
Methods

Population
The population studied belongs to a cohort of hypertensive patients recruited since 1983 on the following criteria: office BP Ͼ140/90 mm Hg on at least two occasions, having never presented cardiovascular complications and devoid of associated pathology affecting prognosis, patients assigned to our department before administration of any antihypertensive treatment and patients for whom we had good quality echocardiographic determinations of left ventricular mass (LVM). Diabetes mellitus type 1 not type 2 was an exclusion criteria. BP was measured under standardised conditions (average of three measurements with a mercury sphygmomanometer after 10 min of rest with the patient supine, Journal of Human Hypertension diastolic pressure measured in phase V) by the same physician (PG). All patients were equipped with a device for ambulatory measurement of BP. Antihypertensive treatment was administered to most patients, which was supervised by their family doctors. The patients were seen in our department at different times as a function of their needs, but they were contacted by telephone at regular intervals to check on their outcome. The last contact was in the first half of 1999, and we included in the present study patients who had been followed up for 5 years or more. In the event of a cardiovascular complication, details were obtained from the family doctor or specialist. Complications included: angina confirmed by coronarography, myocardial infarction, cardiac insufficiency, cerebrovascular accident, renal insufficiency requiring dialysis, symptomatic arteritis of lower limbs confirmed at least by echoDoppler examination. The data were collected by a cardiologist unaware of the initial state of the patients (CC).
Echocardiographic measurement of LVM
In all cases, LVM was measured from 2D guided M mode tracings of the left ventricle from the left parasternal view. The tracings were recorded on a high quality chart running at 100 mm/sec, and were read according to the PENN convention by echographists who were unaware of the clinical findings. LVM was calculated from Devereux's formula 5 and indexed to height to the power of 2.7. 
Ambulatory measurement of BP
All patients benefited from 24-h recordings of BP during their normal routine. We employed two different validated 7, 8 auscultatory devices; a Spacelabs 5200 up to 1986 and a Diasys 200 (Novacor, RueilMalmaison, France) thereafter. At the time of fitting the device, BP was simultaneously measured by the physician or the nurse and by the device (fitting BP) on opposite arms. If the difference between the two values of systolic pressure exceeded 20 mm Hg, the patient was not fitted with the device. Measurements were programmed every 15 min during the day and every 15 min or 30 min during the night. All patients were requested to trigger a measurement manually immediately on rising in the morning (arising BP). We only retained patients in this study who had good quality recordings (at least 80% of the programmed measurements) with values triggered on rising in the morning. Daytime BP was calculated as the average BP between getting up in the morning and lying down at night.
Statistics
SPSS software was employed for the statistical analysis. Groups were compared for the quantitative variables by analysis of variance with NeumannKeuls test when the analysis of variance was significant (P Ͻ 0.05), and for the qualitative variables by the 2 test. A stepwise discriminant analysis between the two groups with and without complications was performed with age, office, fitting, arising and 24-h average systolic blood pressures.
Results
Our cohort included 741 hypertensive patients up to 1 June 1999. We obtained good quality ambulatory measurements of BP over 24 h with measurements triggered on rising in 413 patients of which 256 have been followed up for 5 years or more. We were unable to contact 19 patients at the end-point of the study and they were considered lost to follow-up. There was no significant difference between this group and the rest of the studied population (Table 1 ) and the 237 patients followed were not significantly different from the whole cohort. The mean follow-up period of the population was 84 ± 29 months.
Cardiovascular complications were recorded in 23 individuals: coronary disease in nine cases (three myocardial infarction, six with coronary angioplasty or bypass), cerebral vascular accident in five cases, arteritis of lower limbs in five cases, sudden death in two cases, renal insufficiency in one case and cardiac insufficiency in one case. Table 2 compares the patients with and without complications. It can be seen that the arising systolic BP (SBP) differed significantly between the two groups. The other measures of SBP (office, mean daytime, night time and 24-h) were also significantly higher in the group with complications. There was no significant difference in diastolic BP between the two groups. Table 3 describes the population according to quartiles in arising SBP. Higher arising SBP is associated with higher values of office, average 24-h, day and night SBP, older age, higher LVM and a , height to the power 2.7.
higher proportion of males. The incidence of cardiovascular events is significantly increased in the fourth quartile with arising SBP above 152 mm Hg. We entered in the discriminant analysis age, office, fitting 24-h and arising SBP. The only significant variables emerging from the analysis were age and arising SBP allowing 71% of cases to be adequately classified. Fourteen patients died, but a cardiovascular cause of death was only formally established in five cases. Only the arising SBP was significantly higher in the group who died of cardiovascular disease as compared to the group alive or died or noncardiovascular causes (175 ± 23 mm Hg vs 137 ± 23 and 152 ± 23 respectively, P = 0.001).
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Discussion
Our study shows the interest of the measurement of BP on arising in the morning for prediction of cardiovascular complications in the hypertensive patient. This single value measured by an ambulatory device had better discriminant value than the BP measured on fitting the device or the average of three measurements taken under standardised conditions in hospital or office. It also appeared to have higher predictive power than the average BP during 24 h representing 84 -96 measurements. However, in view of the limited number of complications in our cohort, the respective predictive values of arising and mean 24-h BP should be interpreted with due caution. It is certainly premature to conclude that this single measurement performed when the patient arose in the morning gives more information on future risk for cardiovascular event than 24-h average BP but this preliminary study underlines the interest of measuring BP at this very peculiar moment. Another weakness of our study is that we have no systematic evaluation of ambulatory and rising BP on treatment as most of these patients were treated after the initial evaluation. The risk of future event may be more closely related to BP on treatment The interest of the ambulatory measurement of BP is two-fold: since measurements can be taken at frequent intervals (15 min in the present study) it can provide a more reliable baseline than the mean of a few measurements taken during consultation and on which the decision to treat is usually made. The other advantage is that it can assess variability of BP in physiological conditions. For example, several studies have shown the significance of nocturnal variations (dippers vs non-dippers). Rising in the morning is a physiological condition giving rise to a sharp elevation in BP. The average elevation of BP was found to be 12 mm Hg for the systolic and 10 mm Hg for the diastolic when measured on arising, as in the present study, in a population of 233 normal subjects. 9 A much larger elevation is found in hypertensive patients; 4 on average, 18 mm Hg for systolic and 16 mm Hg for diastolic BP with extreme values of around 100 mm Hg for SBP (illustrated in Figure 1 ). This elevation of BP on rising is of parti- cular significance as it is a daily occurrence and eventually may have an influence on the cardiovascular system. For example, it has been shown in animals that transitory elevations in BP (6 h per day) can induce LV hypertrophy (LVH). 10 The elevation in BP on rising may last several hours, as BP tends to be higher in the morning. 11 We showed in a population of 181 untreated hypertensive patients that the value of BP on rising is as well correlated with LVM of hypertensives as the mean 24-h value. 4 Furthermore, multivariate analysis showed that its contribution was independent of the 24-h value. This has been corroborated by another study 12 showing a strong correlation between the elevation of the BP on rising and LVM. The elevation of BP on rising in the morning stems essentially from the standing up action rather than from the transition from sleep to wakefulness. 9, 13 The elevation of BP on rising is accompanied by a sharp rise in plasma noradrenaline.
14 Although our findings do not provide any information on the link between a single measure of BP and cardiovascular complications, several hypotheses can be put forward: the mechanical effect of this daily elevation of BP can affect target organs such as the heart, as previously found, but probably also on blood vessels. This would be consistent with the observation of a higher incidence of cardiovascular complications between 7 am and 11 am in the morning. 15, 16 Another possibility is that this value reflects the activity of the sympathetic system where hyperactivity is known to increase the risk of cardiovascular events. 17, 18 However, in this case, the link with cardiovascular complications should be at least as strong with heart rate as with arising BP, which we did not observe in our population. Our results may seem at variance with those of Staessen 19 in older patients with systolic hypertension. They found that a 1 mm Hg per hour steeper increase in the morning SBP was associated with an 8% lower incidence of cardiovascular end points. The morning increase in BP was computed by fitting a regression line through each patient's BP readings between 4 am and 10 am. As this relationship was adjusted for the daytime BP, a steeper increase in the morning BP may correspond to a lower night time BP which was shown to be associated with lower risk. The significance of the single BP measured on rising may be different as it is linked to BP reactivity on rising but also to daytime BP and even to night BP in non-dipper patients who keep elevated BP when getting up in the morning. However the link to night BP in non-dipper patients is unlikely to explain our findings as in patients with complications there is an average 27 mm Hg increase in BP when getting up. The major finding in our study is that this single measurement appears to predict cardiovascular events as strongly as the average of many measurement performed during daytime or even 24 h.
In conclusion, we found a strong relation between arising BP measured by an ambulatory device and the occurrence of cardiovascular complications in a population of previously untreated hypertensive patients. This may have considerable significance in assessing the risk of complications in the hypertensive as well as in the decision to treat, but will need to be confirmed in larger series of patients.
